It has been shown that an extracellular dextranase of a rumen strain of Lactobacillu8 bifidu8, when incubated with the essentially unbranched dextran of Streptococcus bovi8, produces isomaltotriose, isomaltotetraose, isomaltopentaose, isomaltohexaose and traces of isomaltoheptaose, but no glucose or isomaltose (Bailey & Clarke, 1959) . A study of the action of the L. bifidus dextranase on various dextrans revealed that the mixture of oligosaccharides produced varied with the type, and degree of branching, of the dextran (Bailey, Hutson & Weigel, 1960) . We have now examined in detail the action of this dextranase on the branched dextran elaborated by Leuconostoc mesenteroides (Betacoccus arabinosaceous, Birmingham strain). EXPERIMENTAL Dextranase. The dextranase was isolated from cell-free culture fluid of a rumen strain of Lb. bifidus by one of us (R. W. B.) in the Laboratories of the Plant Chemistry Division, D.S.I.R., Palmerston North, New Zealand, according to the method described by Bailey & Clarke (1959) .
Dextrans. Leuconostoc me8enteroides (Birmingham strain) dextran was synthesized from sucrose. The dextran was from the same batch as was that used for structural studies of the dextran, which was shown to contain, as well as a-1:6-linkages, 12-15% of a-1:3-branch linkages (Barker, Bourne, Bruce, Neely & Stacey, 1954) . A virtually unbranched dextran (Bailey, 1959) was isolated from a sucrose-containing culture of S. bOVi8 (strain I) (Bailey& Oxford, 1958) .
Paper chromatography and ionophore8i8. The solvents used for paper chromatography were: (a) the upper layer of ethyl acetate-water-pyridine (2:2:1, by vol.) (Jermyn& Isherwood, 1949) ; (b) ethyl acetate-water-pyridineacetone (Malpress & Hytten, 1958) ; (c) upper layer of butanol-ethanol-water (4:1:5, by vol.); (d) ethyl acetateacetic acid-water (9:2:2, by vol.); (e) butanol-benzenepyridine-water (5:1:3:2, by vol.). Ionophoresis was carried out at about 50v/cm. in borate solution, pH 10 (Foster, 1953) , and in molybdate solution, pH 5-5 (Bourne, Hutson & Weigel, 1959) . It will be noticed that some of the M8, (mobility with respect to sorbitol) values reported here differ slightly from those reported earlier. This is due to the application of smaller quantities, thus allowing a more accurate determination of the rates of migration. In all cases comparison was made with known compounds.
The reagents used for the detection of compounds were: (a) silver nitrate in acetone-ethanolic sodium hydroxide (Trevelyan, Procter & Harrison, 1950); aniline hydrogen phthalate (Partridge, 1949) ; (c) p-anisidine-HCl (Hough, Jones & Wadman, 1950) ; (d) aniline-diphenylamine-phosphoric acid (Schwimmer & Bevenue, 1956) ; (e) triphenyltetrazolium chloride (Feingold, Avigad & Hestrin, 1956 ).
Dextrana8e digest8. Standard digests were prepared from dextran solution (15 mg. in 2 ml. of water), dextranase solution (5 mg. in 1 ml. of water) and 0-2M-citrate buffer, pH 5*5 (2 ml.). The digests were incubated under a layer of toluene at 370 for 60 hr.
Reducing 8ugar8. Reducing sugars produced were determined at time intervals by the cuprimetric method of Shaffer & Hartmann (1921) . The results were calculated in terms of isomaltotriose (Fig. 1) (Bragg & Hough, 1957) . The solution was deionized by treatment with Amberlite IR-120 (HI) followed by evaporation and repeated distillation with dry methanol. Oligosaccharide A alcohol was purified and isolated by paper chromatography in solvent (a) (RG 0.32).
Ionophoresis in molybdate solution (pH 5.5) (Bourne et al. 1959) showed that it migrated with the same M. as 6-0-ac-isomaltotriosylsorbitol (0.50).
Oligosaccharide A alcohol was partially hydrolysed by heating for 4 hr. at 1000 in 1 % aqueous oxalic acid (5 ml.). The hydrolysate was deionized with Amberlite IRA-400 (carbonate) and fractionated by paper chromatography in solvent (a) (see Table 2 ) into 5 components in addition to unchanged material (about 40 %, visual estimation on chromatograms). Each fraction was subjected to ionophoresis in molybdate solution (pH 5.5), when fractions 3, 4 and 6 were resolved into trisaccharide D and trisaccharide E alcohol, isomaltose and 6-0-OC-D-glucopyranosylsorbitol, D-glucose and sorbitol respectively. The identity of the products of hydrolysis with the corresponding named compounds was confirmed by ionophoresis in borate solution.
Trisaccharide D, which was immobile during ionophoresis in molybdate solution (pH 5.5), was eluted and, after removal of molybdate with Amberlite IR-120 (HI) and Amberlite IRA-400 (carbonate), reduced with potassium borohydride (Bragg & Hough, 1957 
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unchanged material (about 50 %, visual estimation), intense spots corresponding to glucose and 6-0-a-isomaltotriosylsorbitol. Only very small traces of isomaltose, 6-0-a-D-glucopyranosylsorbitol and sorbitol were detectable.
When oligosaccharide B (500,utg.) was oxidized with sodium periodate and hydrolysed in the same way as oligosaccharide A and isomaltotetraose, the yield of glucose corresponded to 24 % of the glucose present in a pentasaccharide containing only glucose.
Action of the dextranase on 6-0-oc-iomaltohexaosyland 6-0-OC-isomaltoheptaosyl-sorbitoI 6-0-oc-Isomaltohexaosylsorbitol (8 mg.) and 6-O-oc-isomaltoheptaosylsorbitol (8 mg.), prepared by reduction of isomaltoheptaose and isomaltooctaose respectively with potassium borohydride, were separately dissolved in 0 25M-citrate buffer (pH 5-5) (1 ml.) and incubated with dextranase (4 and 6 mg. respectively) for 26 hr. at 37°. Paper ionophoresis in molybdate solution of the deionized digest containing 6-0-oc-isomaltohexaosylsorbitol revealed, in addition to non-migrating material, the presence of two components which migrated at the same rate as 6-0-oc-isomaltosyland 6-0-oc-isomaltotriosyl-sorbitol respectively. The non-migrating material was eluted from the paper and deionized. Paper chromatography in solvent (a) revealed components corresponding to isomaltotriose and isomaltotetraose. 6-0-oc-Isomaltosylsorbitol, 6-0-oc-isomaltotriosylsorbitol, 6-0-oc-isomaltotetraosylsorbitol, isomaltotriose, isomaltotetraose and isomaltopentaose were identified in a similar manner in the digest containing 6-0-ocisomaltoheptaosylsorbitol. Visual examination of the paper ionograms and chromatograms suggested that all the products were present in approximately equal quantities.
DISCUSSION
The evidence presented shows that oligosaccharide A is a reducing tetrasaccharide of glucose. The results of the partial acid hydrolysis of tetrasaccharide A and the reduction product showed the presence of an isomaltotriose unit, together with another glucose unit joined by a linkage of a more labile type. One glucose unit was shown to be resistant to oxidation by periodate. This demonstrates the presence of one 1:3-glucosidic linkage in tetrasaccharide A. As the 1:3-as well as the 1:6-glucosidic linkages in dextran are of the x-type it is reasonable to assume that the 1:3-glucosidic linkage in tetrasaccharide A also is an oc-1:3-linkage.
There are four possible structures (I-IV) (Fig. 2 ) for a tetrasaccharide containing an isomaltotriose unit to which a fourth glucose unit is joined by an ac-1:3-glucosidic linkage. The results of periodate oxidation eliminate structures (III) and (IV). The migration of tetrasaccharide A alcohol during ionophoresis in molybdate solution conclusively eliminates structures (III) and (IV) because a 3-0-substituted sorbitol does not form a complex with molybdate (Bourne et al. 1959 ). This migration and the reaction of tetrasaccharide A with triphenyltetrazolium chloride also eliminate the possibility of substitution at C(4)-and C(2)-hydroxyl groups respectively of the reducing glucose unit.
The structure of tetrasaccharide A was elucidated further by a partial hydrolysis of the reduction product (V or VI) (Fig. 3) . Products which would be expected from both structures, namely 6-0-isomaltosylsorbitol (VII), isomaltose (XII), 6-0-oc-D-glucopyranosylsorbitol (XIII), nigerose (XIV), glucose (XV) and sorbitol (XVI), were identified by paper chromatography and ionophoresis. As would be expected if (VI) were present, two trisaccharide alcohols were obtained ( Table 2) . One of these (fraction 2) was identical with 6-0-isomaltosylsorbitol (VII), the only trisaccharide alcohol expected from (V). The other, trisaccharide E alcohol, must have structure (IX), which is consistent with its MsThe possible structures of the reducing trisaccharide D of fraction 3 are (VIII) and (X). Ionophoresis in molybdate solution (pH 5 5) of the reduced trisaccharide D revealed trisaccharide E alcohol (IX) and a non-migrating trisaccharide F alcohol. As 3-0-substituted sorbitols do not migrate, trisaccharide F alcohol must have structure (XI), and hence trisaccharide D must have contained both (VIII) and (X).
These results show that tetrasaccharide A is a mixture of 33-glucosylisomaltotriose (I) and 32. glucosylisomaltotriose (II).
The results obtained with oligosaccharide B provide evidence that it is a reducing pentasaccharide B containing an isomaltotetraose unit to which a fifth glucose unit is joined by a 1:3- glucosidic linkage similar to that in (I) or (II). The fact that tetrasaccharide A is a mixture of 33-glucosylisomaltotriose and 32-glucosylisomaltotriose suggests that pentasaccharide B is also a mixture of pentasaccharides with these types of structures.
Tetrasaccharides (I) and (II) and pentasaccharide B could have arisen by enzymic hydrolysis of L. meenteroide8 dextran or by chemical or enzymic transglucosylation action on isomaltodextrins. The latter possibility is unlikely as, in this case, they would be expected to have been produced in the control digest containing S. bovi8 dextran. The presence of a 1:3-glucosidic linkage in tetrasaccharides (I) and (II) and pentasaccharide B indicates that the enzyme cannot hydrolyse the 1:3-linkage. We believe that the present work is the first occasion in which oligosaccharides containing the branch linkages of the original dextran have been found. Bailey & Clarke (1959) Fig. 4 . The production of 33-glucosylisomaltotriose (I) and 32-glucosylisomaltotriose (II) and pentasaccharide B suggests that this type of hydrolysis of dextran by the dextranase is not inhibited by the presence of 1:3-branch linkages. The structure of these products and the absence from the digest of oligosaccharides in which the reducing glucose unit is substituted at C(3) suggests that the oc-1:6-link on the reducing side of the branch point of the main dextran chain is resistant to hydrolysis by the dextranase. The branching of L. me8enteroide8 dextran has been reported to occur once in each 6 or 7 anhydroglucose units (Barker et al. 1954 2. In addition to isomalto-triose, -tetraose, -pentaose, -hexaose and unresolvable material of degree of polymerization greater than 6, a tetrasaccharide (A) and a pentasaccharide (B) were isolated.
3. Tetrasaccharide (A) was shown to be a mixture of 33-glucosylisomaltotriose and 32-glucosylisomaltotriose. Pentasaccharide (B) contained one glucose unit joined through a 1:3-linkage to a glucose unit, other than the reducing one, of isomaltotetraose and is probably a mixture of isomers.
4. The dextranase has been shown to hydrolyse 6-0-a-isomaltohexaosyl-and 6-0-oc-isomaltoheptaosyl-sorbitol at two and three alternative glucosidic linkages respectively.
5. The implications of the results, as far as dextranase action and dextran structure are concerned, have been discussed.
